With recent advances in endoscopic treatment, many T1 colorectal carcinomas (CRCs) are resected endoscopically with a negative margin. However, some lesions exhibit skip lymphovascular invasion (SLVI), which is defined as the discontinuous foci of the tumor cells within the colon wall. The aim of the present study was to reveal the clinicopathological features of T1 CRCs with SLVI and validate the Japanese guidelines regarding SLVI. A total of 741 patients with T1 CRCs that were resected surgically between April 2001 and October 2016 in our hospital were divided into two groups: With SLVI and without SLVI. Clinicopathological features compared between the two groups were patient's gender, age, tumor size, location, morphology, lymphovascular invasion, tumor differentiation, tumor budding and lymph node metastasis. The incidence of T1 CRCs with SLVI was 0.9% (7/741). All cases with SLVI were found in the sigmoid colon or rectum. T1 CRCs with SLVI showed significantly higher rates of lymphovascular invasion than those without SLVI (P<0.01). In conclusion, lymphovascular invasion was a significant risk factor for SLVI in T1 CRCs, and for which surgical colectomy was necessary. The Japanese guidelines are appropriate regarding SLVI. Registered in the University Hospital Medical Network Clinical Trials Registry (UMIN000027097).
Introduction
The incidence and mortality of colorectal carcinoma (CRC) have been increasing in Japan, where it accounts for the largest number of deaths from malignant neoplasms among women and the third largest number among men (1, 2) . Advanced methods of endoscopic treatment have been developed during recent decades, such as endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) (3) (4) (5) (6) (7) (8) . Therefore, many T1 CRCs are resected endoscopically. The Japanese Society for Cancer of the Colon and Rectum (JSCCR) Guidelines for treatment of colorectal cancer indicate that the curative criteria for T1 CRCs after endoscopic resection are negative vertical margin, well/moderately differentiated tubular or papillary carcinoma, no vessel invasion, a submucosal invasion depth of less than 1,000 µm, and budding grade 1 because of the very low risk of lymph node metastasis (LNM) (1) . When a lesion meets these criteria, endoscopic resection is considered to be an adequate cure, while additional surgery with lymph node dissection is recommended when these criteria are not met.
Recently, a Japanese study reported that there were some cases in T1 CRCs with 'skip lymphovascular invasion' (SLVI), which is defined as the discontinuous foci of the tumor cells within the colon wall (9) . Lesions with SLVI cannot be diagnosed with specimens that have been endoscopically resected. However, lesions with SLVI require surgical colectomy to prevent recurrence or metastasis. Although detecting and managing such lesions are critical, the clinicopathological features of these lesions have not been fully elucidated. Because the number of colorectal ESD is increasing recently, these are urgent matters that need to be resolved. The aim of the present study was to reveal the incidence and the clinicopathological features of T1 CRCs with SLVI, and to validate the JSCCR guidelines regarding SLVI.
Materials and methods
Study patients. A total of 789 patients with T1 CRC surgically resected between April 2001 and October 2016 at Showa University Northern Yokohama Hospital, Japan, were recruited. Patients who were diagnosed with familial adenomatous polyposis, Lynch syndrome, ulcerative colitis, and those who had synchronous invasive carcinoma or chemotherapy were excluded. Those who were unable to obtain clinicopathological features were also excluded. Initial or additional surgeries after endoscopic resection with lymph node dissection were performed based on the JSCCR guidelines. Patients were divided into two groups, with SLVI and without SLVI ( Fig. 1 ). SLVI is a form of lymphovascular invasion or carcinoma within the colon wall, which is consistent with Okamoto et al (9) (Figs. 2 and 3 ). The following clinicopathological features were analyzed and compared between the two groups: Patient's gender, age, tumor size, location, morphology, lymphovascular invasion, tumor differentiation, tumor budding and the presence of LNM.
In a substudy, 560 patients with T2 CRCs resected surgically in our hospital between April 2001 and October 2016 were divided into two groups, with SLVI and without SLVI, and compared ( Fig. 4 ). Features analyzed were patient's gender, age, tumor size, location, lymphovascular invasion, tumor differentiation and the presence of LNM.
Assessment of clinicopathological factors. Patients' gender, age, tumor size, location and morphology were reviewed from the electronic records system. Endoscopic morphology was classified as a depressed, flat, or protruded type according to Kudo's morphological classification (10) .
All resected lesions were retrieved and immediately fixed in a 10% buffered formalin solution for 24-48 h. Each species was cut into 2-or 3-mm-wide longitudinal slices. The tissues were examined by one pathologist (SH) based on the World Health Organization criteria and the JSCCR guidelines, and assessed using hematoxylin and eosin (H&E) staining (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) (1, 11) . In addition, lymphovascular invasion was evaluated using Victoria blue (Muto Pure Chemicals Co., Ltd., Tokyo, Japan) or immunostaining with D2-40 (Dako; Agilent Technologies, Inc.). Histological grade was based on dominant differentiated tumor component and was classified according to World Health Organization criteria (11) .
Statistical analysis. All statistical analyses were performed by using 'EZR' (Easy R) v.1.37 for Windows (12) . Independent Student's t-tests were used to compare the groups of continuous, normally distributed variables. Fisher's exact test was used to determine the significance of differences between groups for dichotomous variables. All statistical tests were two-tailed, and P<0.05 was considered to indicate a statistically significant difference.
Ethical considerations. This study was approved by the Institutional Review Board of Showa Northern Yokohama Hospital (no. 1508-03), and was registered in the University Hospital Medical Network Clinical Trials Registry (UMIN000027097). Written informed consent was obtained from all patients before endoscopy.
Results
Patients' characteristics. A total of 741 T1 CRC patients were included in this study, 469 (63%) were men and 272 (37%) were women. The mean age was 65 years old (range 31-94). The mean tumor size was 21 mm (range 10-120). In total, 515 cases (69%) were located in the sigmoid colon or rectum, and 226 (31%) were located in other sites. Regarding morphology, 220 cases (29%) were diagnosed as depressed type and 521 cases (71%) were non-depressed type. Lymphovascular invasion appeared in 356 cases (48%). A total of 4 cases (0.5%) were poorly differentiated adenocarcinoma or mucinous adenocarcinoma (por/muc). LNM was found in 84 cases (11%). The incidence of T1 CRCs with SLVI was 0.9% (7/741).
A total of 501 patients with T2 CRCs were included, 253 (51%) of whom were men and 248 (49%) were women. The mean age was 66 years old (range 28-91). The mean tumor size was 31 mm (range 8-117). There were 357 cases located in the sigmoid colon or rectum. Lymphovascular invasion appeared in 348 cases (70%). LNM was found in 136 cases (27%). The incidence of T2 CRCs with SLVI was 1.6% (8/501). 
Comparisons of pathological features between the patients with and without SLVI. The comparisons of clinicopathological features between patients with and without SLVI in T1
CRCs are shown in Table I . All T1 CRCs with SLVI showed lymphovascular invasion. In addition, cases with SLVI also showed a higher rate of lymphovascular invasion (P<0.01) and depressed type (P=0.03) than cases without SLVI. Although all cases with SLVI were in the sigmoid or rectum, there were no significant differences between occurrence at either site (P= 0.11). There were no significant differences in other clinicopathological features between the two groups. The comparisons of clinicopathological factors between cases with SLVI and cases without SLVI in T2 CRCs are shown in Table II . All T2 CRCs with SLVI were also in the sigmoid colon or rectum (P=0.11) and showed lymphovascular invasion (P= 0.11). There were also no significant differences in other clinicopathological features.
We also examined T1 and T2 CRCs together (Table III) . Significant differences were observed concerning location (P<0.01) and lymphovascular invasion (P<0.01). There were no significant differences in other clinicopathological features. Table IV shows the details of T1 and T2 CRCs with SLVI. All cases showed lymphovascular invasion and were located in the sigmoid colon or rectum.
Discussion
In the present study, we retrospectively investigated the incidence and clinicopathological features of T1 and T2 CRCs with SLVI. The incidence of SLVI in T1 and T2 CRCs was 0.9 and 1.6%, respectively. All cases with SLVI were located in the sigmoid colon or rectum and showed lymphovascular invasion.
We focused on T1 CRCs with SLVI in the present study. With recent advances in endoscopic treatments, such as ESD, many T1 CRCs can be resected endoscopically with negative margin. Although endoscopic treatment is an attractive option for the patients, T1 CRCs show approximately 10% of LNM, which requires surgical colectomy with lymph node dissection to cure the cancer (13) (14) (15) (16) (17) (18) (19) (20) . Therefore, it is important to reveal the risk factors for LNM in the patients with T1 CRCs, and we should decide whether additional surgery after endoscopic resection is needed according to the presence of risk factors for LNM. Previously identified risk factors for LNM in T1 CRCs are lymphovascular invasion, tumor budding, histological grade, and the degree of submucosal invasion. These risk factors are listed in current guidelines such as the National Comprehensive Cancer Network (NCCN), European Society for Medical Oncology (ESMO) or JSCCR. Currently, these are the only indications for surgery after endoscopic resection in the patients with T1 CRCs (1,21-24 ). However, a recent report has investigated T1 CRCs with SLVI (9). These lesions also need to undergo surgical resection because they have the potential to recur or to develop metastasis when treated with endoscopic resection alone. Specifically, we should decide the indication for surgery in patients with T1 CRCs in terms of not only the risk of LNM but also the existence of SLVI. We therefore planned this study, which investigated the risk factors for lesions with SLVI. The incidence of T1 CRCs with SLVI was 0.9%, which were the same as previously reported (9) . Our study revealed that lymphovascular invasion was a significant risk factor for SLVI in patients with T1 CRCs. Currently, the mechanism of SLVI remains unknown. All lesions with SLVI demonstrated lymphovascular invasion, and discontinuous foci were all lymphovascular invasion. Considering these results, lymphovascular invasion could be associated with the development of SLVI. There were no significant differences in other clinicopathological features. Thus, patients with T1 CRCs that show lymphovascular invasion are recommended for surgery after endoscopic resection. In addition, the JSCCR guidelines are appropriate regarding SLVI.
To reveal the features of CRCs with SLVI in more detail, we analyzed not only T1 CRCs but also T2 CRCs. The location, that is, the sigmoid colon or rectum, was a risk factor in T1 and T2 CRCs with SLVI accompanied by a significantly higher rate of lymphovascular invasion than CRCs without SLVI. This difference may have resulted from differences between anatomical features, such as blood vessel density, of the sigmoid colon/rectum and the other sites. Although all cases were located in the sigmoid colon or rectum, there were some cases with SLVI at locations other than the sigmoid colon or rectum in previous reports by Okamoto et al (9) . Further research is needed.
There are some limitations to this study. First, this was a single center retrospective study. Although the sample size was larger than the previous report (9) , there could be a regional or institutional selection bias. Second, we investigated only patients with surgically resected T1 CRCs because SLVI was not able to be diagnosed when treated by only endoscopic resection. Hence, the clinicopathological features identified in this study are not necessarily applicable to patients treated by endoscopic resection alone.
In conclusion, although the incidence is very low, there are some T1 CRCs with SLVI, and its risk factor is the presence of lymphovascular invasion. These lesions are likely to recur when treated by endoscopy alone. Therefore, T1 CRCs with lymphovascular invasion require surgical colectomy, which also follows the current JSCCR guidelines. To reveal the clinicopathological features of CRCs with SLVI in more detail, further research is needed.
